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INTRODUCTION

The drive to continually become more efficient is viable and well in the dairy industry as it is in
any other modern industry today. This trend has been altered in recent years by the challenge of
making our advancements more environmentally friendly. The dairy industry has become the
target of much scrutiny and blame in the charge against global warming. Cows release methane
and carbon dioxide into the atmosphere every day, a powerful, renewable energy source worth
investing in to harvest. Not only is the dairy industry under the watchful eye of the public to
improve on the carbon footprint left behind, but during difficult economic times; producers are
forced to make tough decisions to cut costs and attempt to hang on financially to the business. A
newfound interest in algae and its potential uses to help benefit the dairy industry has been
noticed. Algae are typically autotrophic organisms that are photosynthetic organisms that occur
in most habitats. They vary from small, single cell forms to complex multi-cellular forms,
measuring several meters in size. Using algae as an alternative protein source for dairy cattle
ration could prove to be an economical and environmentally friendly solution to aiding today’s
dairies; especially under the pressure of heavy regulation during tough economical times.
Over the course of this project, the positive nutritional contributions of algae will be examined
and the most nutrient viable strand of algae will be discovered. Multiple sources of algae harvest
will be studied to determine the most feasible and efficient method. There will be a strong
interest in the possibility of on-site algae harvest as a result of methane generators. By using
methane, there would be a reduction on dependence of foreign energy sources. The energy
required to facilitate algae growth would be self-sustaining as methane would be a continuous,
renewable energy source. Factors such as electricity, drying and processing will all be taken into
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consideration to determine if algae can in fact become an economical benefit and have a place in
the dairy cow’s ration. If algae are an economical source of protein, it would be a large step into
a “greener” way of operating in the dairy industry. There would be a large reduction in carbon
emissions from dairies, making the public conception of conventional dairies more positive.
There would also be large savings in expenses, therefore increasing revenue, while keeping
production up. Algae could be the revolutionary breakthrough the dairy industry needs.
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LITERATURE REVIEW
Methane Energy
Methane from cattle. The primary energy source for a self sustained algae
production facility on a dairy farm would be methane. The theoretical methane yield
for dairy cattle manure is 468 l kg⁻¹ volatile solids (VS), although the ultimate yield
for dairy cattle methane is 148 l kg⁻¹ VS (8). The average production of methane in
terms of Mcal/day is 3.27, with 6.31% of gross energy, as seen in Table 1 below (7).
Every cow produces about 120 lbs (54kgs) of solid and liquid waste a day (13). There
are approximately 1.6 million dairy cows in California producing over 200 million
pounds of solid and liquid waste produced per day. This is a large amount of methane
and other greenhouse gasses being released into the atmosphere. A great deal of
TABLE 1. Mean and range of diet composition, intakes, and Methane production.
Variable

Units

Body weight

kg

Dry matter

Mean

SD

Minimum

Maximum

617

101

369

893

kg/day

12.13

4.28

2.72

22.93

Crude protein

%

15.15

2.53

4.92

23.26

Ether extract

%

2.57

0.63

0.90

5.10

Soluble residue

%

41.08

7.09

18.08

54.10

Hemicellulose

%

15.13

3.73

7.07

28.17

Cellulose

%

14.31

4.00

8.53

34.25

Lignin

%

5.08

1.51

2.16

13.69

Protein

kg/day

1.84

0.73

0.27

3.83

Soluble residue

kg/day

5.06

2.10

0.95

9.66

Hemicellulose

kg/day

1.80

0.72

0.47

4.41

Cellulose

kg/day

1.71

0.68

0.41

3.90

Digestible soluble residue

kg/day

4.64

1.91

0.86

9.26

Digestible hemicellulose

kg/day

0.86

0.43

0.01

2.81

Digestible cellulose

kg/day

0.80

0.36

0.21

1.94

Methane production

Mcal/day

3.27

1.07

0.91

5.81

Methane production

% of GE

6.31

1.46

1.60

9.90
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energy can be capitalized on as a renewable energy source. Perhaps the most
successful method to harness the power on dairy farms to date would be an onsite
methane digester with an impermeable membrane cover.
Methane digester. The most common methane collection method currently is to
cover a lagoon with an impermeable membrane cover. A current example is at Joseph
Gallo Farms in Atwater,
CA. At the 5,500 head
cattle

operation

at

Cottonwood Dairy, a dairy
methane digester is in
place. The current system
Figure 1. 7 Acre Lagoon Cover

has a 44,225,000 gallon

lagoon with a 7 acre surface area impermeable membrane cover. The system
currently collects about 300,000 cubic feet of biogas per day which powers two
300kW Caterpillar 3412 and 400kw Caterpillar G399 reciprocating engine
generators;

a

schematic

of

this

system is given in
Figure

2.

This

Figure 2. Digester Schematic

produces 5.6 GWh of electricity for the surrounding facilities every year that operate
the dairy and the Joseph Gallo Farms cheese plant. Other equipment include a
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hydrogen sulfide removal system, gas dryer, gas blower, safety valves, flare and
pressure valves. The cost of this large scale project was $3,200,000 with annual
maintenance costs of up to $188,000. These costs include replacing the iron lung of
the hydrogen sulfide unit at $40,000, engine-generator maintenance at $.23 per kW/hr
at $128,000 and other general maintenance at about $20,000. In contrast to these
expenses is an annual estimated energy savings of $800,000 in electricity and propane
costs.
Methane digester finances. The estimated annual income from electricity and heat
generated from the 300kW generator at $1300 per day is $450,000 and from the
400kW generator, as seen in Figure 3, at $1700 per day at $590,000; the total annual
income would be $1,040,000.(9,13) Therefore, the estimated payback time for this
investment is 3 to 4 years. On the following page in Table 2, a Capital Budgeting
equation shows the benefits of a methane digester financially. Assuming a time value
money depreciation rate of 4.00%, the investment would pay for itself in less than
four years, reaching payback total of $4,160,000.00 in four years time. The digester
system would have simple rate of
return of 10.79 and a net present value
of $5,537,297.97 in 30 years time. The
benefit

cost

ratio

would

be

an

exceptional 3.52 with an outstanding
internal

rate

of

return

of

about
Figure 3. 400kW Reciprocating Engine Generator
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119.87%. This would be an excellent investment for any dairy business. This may be
an unaffordable system for many small producers in California. However if the total
cost is paid over 30 years, with an example interest rate of 4.8%, and a down
payment of $700,000 (with the assistance of grants for the down payment) the

TABLE 2. Capital budgeting of methane generator over 30 years.
Present Value

Cash Outflows

Present Value

Payback Method
Running Total

Year

Cash Inflows

Today

$0.00

$0.00

$700,000.00

$700,000.00

$0.00

1

$1,040,000.00

$1,000,000.00

$201,127.13

$193,391.47

$1,040,000.00

2

$1,040,000.00

$961,538.46

$201,127.13

$185,953.34

$2,080,000.00

3

$1,040,000.00

$924,556.21

$201,127.13

$178,801.29

$3,120,000.00

4

$1,040,000.00

$888,996.36

$201,127.13

$171,924.31

$4,160,000.00

5

$1,040,000.00

$854,804.19

$201,127.13

$165,311.84

$5,200,000.00

6

$1,040,000.00

$821,927.11

$201,127.13

$158,953.69

$6,240,000.00

7

$1,040,000.00

$790,314.53

$201,127.13

$152,840.09

$7,280,000.00

8

$1,040,000.00

$759,917.81

$201,127.13

$146,961.62

$8,320,000.00

9

$1,040,000.00

$730,690.21

$201,127.13

$141,309.25

$9,360,000.00

10

$1,040,000.00

$702,586.74

$201,127.13

$135,874.28

$10,400,000.00

11

$1,040,000.00

$675,564.17

$201,127.13

$130,648.35

$11,440,000.00

12

$1,040,000.00

$649,580.93

$201,127.13

$125,623.41

$12,480,000.00

13

$1,040,000.00

$624,597.05

$201,127.13

$120,791.74

$13,520,000.00

14

$1,040,000.00

$600,574.09

$201,127.13

$116,145.91

$14,560,000.00

15

$1,040,000.00

$577,475.08

$201,127.13

$111,678.76

$15,600,000.00

16

$1,040,000.00

$555,264.50

$201,127.13

$107,383.42

$16,640,000.00

17

$1,040,000.00

$533,908.18

$201,127.13

$103,253.29

$17,680,000.00

18

$1,040,000.00

$513,373.25

$201,127.13

$99,282.01

$18,720,000.00

19

$1,040,000.00

$493,628.12

$201,127.13

$95,463.47

$19,760,000.00

20

$1,040,000.00

$474,642.42

$201,127.13

$91,791.80

$20,800,000.00

21

$1,040,000.00

$456,386.95

$201,127.13

$88,261.34

$21,840,000.00

22

$1,040,000.00

$438,833.60

$201,127.13

$84,866.68

$22,880,000.00

23

$1,040,000.00

$421,955.39

$201,127.13

$81,602.57

$23,920,000.00

24

$1,040,000.00

$405,726.33

$201,127.13

$78,464.01

$24,960,000.00

25

$1,040,000.00

$390,121.47

$201,127.13

$75,446.17

$26,000,000.00

26

$1,040,000.00

$375,116.80

$201,127.13

$72,544.39

$27,040,000.00

27

$1,040,000.00

$360,689.23

$201,127.13

$69,754.22

$28,080,000.00

28

$1,040,000.00

$346,816.57

$201,127.13

$67,071.37

$29,120,000.00

29

$1,040,000.00

$333,477.47

$201,127.13

$64,491.70

$30,160,000.00

30

$1,040,000.00

$320,651.41

$201,127.13

$62,011.25

$31,200,000.00

Total

$9,360,000.00

$7,732,744.87

$2,510,144.17

$2,195,446.91
Discount Rate =

Simple Rate Net Present Value Benefit-Cost
of Return
at i
Ratio at i

Internal Rate
of Return

10.79

$5,537,297.97

3.52

$0.000244

4.00%

IRR =

119.862915%
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monthly payment is $13,127.13. The total payments at the end of 30 years would be
$4,725,765.78; with a total interest amount paid of $2,223,765.78 and a total principal
paid of $2,502,000.00. Although the farmer would be paying over $4 million dollars
at the end of 30 years and over $2million dollars in interest, the payback for this
model exceeds these payments in about 5 years. This is an extremely rapid turnaround
for a 30 year payment plan. The amortization schedule may be seen below in Table 3.

TABLE 3. Amortization schedule of methane generator over 30 years
Beginning
Year
Balance
Payment
Interest Paid
Principal Paid

Ending Balance

1

$2,502,000.00

$13,127.13

$10,008.00

$3,119.13

$2,498,880.87

2

$2,498,880.87

$13,127.13

$9,995.52

$3,131.60

$2,495,749.27

3

$2,495,749.27

$13,127.13

$9,983.00

$3,144.13

$2,492,605.14

4

$2,492,605.14

$13,127.13

$9,970.42

$3,156.71

$2,489,448.43

5

$2,489,448.43

$13,127.13

$9,957.79

$3,169.33

$2,486,279.10

6

$2,486,279.10

$13,127.13

$9,945.12

$3,182.01

$2,483,097.09

7

$2,483,097.09

$13,127.13

$9,932.39

$3,194.74

$2,479,902.35

8

$2,479,902.35

$13,127.13

$9,919.61

$3,207.52

$2,476,694.83

9

$2,476,694.83

$13,127.13

$9,906.78

$3,220.35

$2,473,474.48

10

$2,473,474.48

$13,127.13

$9,893.90

$3,233.23

$2,470,241.25

11

$2,470,241.25

$13,127.13

$9,880.97

$3,246.16

$2,466,995.09

12

$2,466,995.09

$13,127.13

$9,867.98

$3,259.15

$2,463,735.95

13

$2,463,735.95

$13,127.13

$9,854.94

$3,272.18

$2,460,463.76

14

$2,460,463.76

$13,127.13

$9,841.86

$3,285.27

$2,457,178.49

15

$2,457,178.49

$13,127.13

$9,828.71

$3,298.41

$2,453,880.08

16

$2,453,880.08

$13,127.13

$9,815.52

$3,311.61

$2,450,568.47

17

$2,450,568.47

$13,127.13

$9,802.27

$3,324.85

$2,447,243.62

18

$2,447,243.62

$13,127.13

$9,788.97

$3,338.15

$2,443,905.46

19

$2,443,905.46

$13,127.13

$9,775.62

$3,351.51

$2,440,553.96

20

$2,440,553.96

$13,127.13

$9,762.22

$3,364.91

$2,437,189.05

21

$2,437,189.05

$13,127.13

$9,748.76

$3,378.37

$2,433,810.68

22

$2,433,810.68

$13,127.13

$9,735.24

$3,391.88

$2,430,418.79

23

$2,430,418.79

$13,127.13

$9,721.68

$3,405.45

$2,427,013.34

24

$2,427,013.34

$13,127.13

$9,708.05

$3,419.07

$2,423,594.27

25

$2,423,594.27

$13,127.13

$9,694.38

$3,432.75

$2,420,161.52

26

$2,420,161.52

$13,127.13

$9,680.65

$3,446.48

$2,416,715.04

27

$2,416,715.04

$13,127.13

$9,666.86

$3,460.27

$2,413,254.77

28

$2,413,254.77

$13,127.13

$9,653.02

$3,474.11

$2,409,780.66

29

$2,409,780.66

$13,127.13

$9,639.12

$3,488.00

$2,406,292.66
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30

$2,406,292.66

$13,127.13

$9,625.17

$3,501.96

$2,402,790.70

31

$2,402,790.70

$13,127.13

$9,611.16

$3,515.96

$2,399,274.73

32

$2,399,274.73

$13,127.13

$9,597.10

$3,530.03

$2,395,744.71

33

$2,395,744.71

$13,127.13

$9,582.98

$3,544.15

$2,392,200.56

34

$2,392,200.56

$13,127.13

$9,568.80

$3,558.32

$2,388,642.23

35

$2,388,642.23

$13,127.13

$9,554.57

$3,572.56

$2,385,069.67

36

$2,385,069.67

$13,127.13

$9,540.28

$3,586.85

$2,381,482.83

37

$2,381,482.83

$13,127.13

$9,525.93

$3,601.20

$2,377,881.63

38

$2,377,881.63

$13,127.13

$9,511.53

$3,615.60

$2,374,266.03

39

$2,374,266.03

$13,127.13

$9,497.06

$3,630.06

$2,370,635.97

40

$2,370,635.97

$13,127.13

$9,482.54

$3,644.58

$2,366,991.38

41

$2,366,991.38

$13,127.13

$9,467.97

$3,659.16

$2,363,332.22

42

$2,363,332.22

$13,127.13

$9,453.33

$3,673.80

$2,359,658.42

43

$2,359,658.42

$13,127.13

$9,438.63

$3,688.49

$2,355,969.93

44

$2,355,969.93

$13,127.13

$9,423.88

$3,703.25

$2,352,266.68

45

$2,352,266.68

$13,127.13

$9,409.07

$3,718.06

$2,348,548.62

46

$2,348,548.62

$13,127.13

$9,394.19

$3,732.93

$2,344,815.69

47

$2,344,815.69

$13,127.13

$9,379.26

$3,747.86

$2,341,067.83

48

$2,341,067.83

$13,127.13

$9,364.27

$3,762.86

$2,337,304.97

49

$2,337,304.97

$13,127.13

$9,349.22

$3,777.91

$2,333,527.06

50

$2,333,527.06

$13,127.13

$9,334.11

$3,793.02

$2,329,734.04

51

$2,329,734.04

$13,127.13

$9,318.94

$3,808.19

$2,325,925.85

52

$2,325,925.85

$13,127.13

$9,303.70

$3,823.42

$2,322,102.43

53

$2,322,102.43

$13,127.13

$9,288.41

$3,838.72

$2,318,263.71

54

$2,318,263.71

$13,127.13

$9,273.05

$3,854.07

$2,314,409.64

55

$2,314,409.64

$13,127.13

$9,257.64

$3,869.49

$2,310,540.15

56

$2,310,540.15

$13,127.13

$9,242.16

$3,884.97

$2,306,655.18

57

$2,306,655.18

$13,127.13

$9,226.62

$3,900.51

$2,302,754.68

58

$2,302,754.68

$13,127.13

$9,211.02

$3,916.11

$2,298,838.57

59

$2,298,838.57

$13,127.13

$9,195.35

$3,931.77

$2,294,906.80

60

$2,294,906.80

$13,127.13

$9,179.63

$3,947.50

$2,290,959.30

61

$2,290,959.30

$13,127.13

$9,163.84

$3,963.29

$2,286,996.01

62

$2,286,996.01

$13,127.13

$9,147.98

$3,979.14

$2,283,016.86

63

$2,283,016.86

$13,127.13

$9,132.07

$3,995.06

$2,279,021.80

64

$2,279,021.80

$13,127.13

$9,116.09

$4,011.04

$2,275,010.76

65

$2,275,010.76

$13,127.13

$9,100.04

$4,027.08

$2,270,983.68

66

$2,270,983.68

$13,127.13

$9,083.93

$4,043.19

$2,266,940.49

67

$2,266,940.49

$13,127.13

$9,067.76

$4,059.37

$2,262,881.12

68

$2,262,881.12

$13,127.13

$9,051.52

$4,075.60

$2,258,805.52

69

$2,258,805.52

$13,127.13

$9,035.22

$4,091.91

$2,254,713.61

70

$2,254,713.61

$13,127.13

$9,018.85

$4,108.27

$2,250,605.34

71

$2,250,605.34

$13,127.13

$9,002.42

$4,124.71

$2,246,480.63

72

$2,246,480.63

$13,127.13

$8,985.92

$4,141.20

$2,242,339.43

73

$2,242,339.43

$13,127.13

$8,969.36

$4,157.77

$2,238,181.66

74

$2,238,181.66

$13,127.13

$8,952.73

$4,174.40

$2,234,007.26

75

$2,234,007.26

$13,127.13

$8,936.03

$4,191.10

$2,229,816.16

76

$2,229,816.16

$13,127.13

$8,919.26

$4,207.86

$2,225,608.30

77

$2,225,608.30

$13,127.13

$8,902.43

$4,224.69

$2,221,383.61
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78

$2,221,383.61

$13,127.13

$8,885.53

$4,241.59

$2,217,142.01

79

$2,217,142.01

$13,127.13

$8,868.57

$4,258.56

$2,212,883.45

80

$2,212,883.45

$13,127.13

$8,851.53

$4,275.59

$2,208,607.86

81

$2,208,607.86

$13,127.13

$8,834.43

$4,292.70

$2,204,315.16

82

$2,204,315.16

$13,127.13

$8,817.26

$4,309.87

$2,200,005.30

83

$2,200,005.30

$13,127.13

$8,800.02

$4,327.11

$2,195,678.19

84

$2,195,678.19

$13,127.13

$8,782.71

$4,344.41

$2,191,333.78

85

$2,191,333.78

$13,127.13

$8,765.34

$4,361.79

$2,186,971.99

86

$2,186,971.99

$13,127.13

$8,747.89

$4,379.24

$2,182,592.75

87

$2,182,592.75

$13,127.13

$8,730.37

$4,396.76

$2,178,195.99

88

$2,178,195.99

$13,127.13

$8,712.78

$4,414.34

$2,173,781.65

89

$2,173,781.65

$13,127.13

$8,695.13

$4,432.00

$2,169,349.65

90

$2,169,349.65

$13,127.13

$8,677.40

$4,449.73

$2,164,899.92

91

$2,164,899.92

$13,127.13

$8,659.60

$4,467.53

$2,160,432.39

92

$2,160,432.39

$13,127.13

$8,641.73

$4,485.40

$2,155,946.99

93

$2,155,946.99

$13,127.13

$8,623.79

$4,503.34

$2,151,443.65

94

$2,151,443.65

$13,127.13

$8,605.77

$4,521.35

$2,146,922.30

95

$2,146,922.30

$13,127.13

$8,587.69

$4,539.44

$2,142,382.86

96

$2,142,382.86

$13,127.13

$8,569.53

$4,557.60

$2,137,825.27

97

$2,137,825.27

$13,127.13

$8,551.30

$4,575.83

$2,133,249.44

98

$2,133,249.44

$13,127.13

$8,533.00

$4,594.13

$2,128,655.31

99

$2,128,655.31

$13,127.13

$8,514.62

$4,612.51

$2,124,042.81

100

$2,124,042.81

$13,127.13

$8,496.17

$4,630.96

$2,119,411.85

101

$2,119,411.85

$13,127.13

$8,477.65

$4,649.48

$2,114,762.37

102

$2,114,762.37

$13,127.13

$8,459.05

$4,668.08

$2,110,094.29

103

$2,110,094.29

$13,127.13

$8,440.38

$4,686.75

$2,105,407.54

104

$2,105,407.54

$13,127.13

$8,421.63

$4,705.50

$2,100,702.05

105

$2,100,702.05

$13,127.13

$8,402.81

$4,724.32

$2,095,977.73

106

$2,095,977.73

$13,127.13

$8,383.91

$4,743.22

$2,091,234.51

107

$2,091,234.51

$13,127.13

$8,364.94

$4,762.19

$2,086,472.32

108

$2,086,472.32

$13,127.13

$8,345.89

$4,781.24

$2,081,691.08

109

$2,081,691.08

$13,127.13

$8,326.76

$4,800.36

$2,076,890.72

110

$2,076,890.72

$13,127.13

$8,307.56

$4,819.56

$2,072,071.16

111

$2,072,071.16

$13,127.13

$8,288.28

$4,838.84

$2,067,232.31

112

$2,067,232.31

$13,127.13

$8,268.93

$4,858.20

$2,062,374.12

113

$2,062,374.12

$13,127.13

$8,249.50

$4,877.63

$2,057,496.48

114

$2,057,496.48

$13,127.13

$8,229.99

$4,897.14

$2,052,599.34

115

$2,052,599.34

$13,127.13

$8,210.40

$4,916.73

$2,047,682.61

116

$2,047,682.61

$13,127.13

$8,190.73

$4,936.40

$2,042,746.22

117

$2,042,746.22

$13,127.13

$8,170.98

$4,956.14

$2,037,790.07

118

$2,037,790.07

$13,127.13

$8,151.16

$4,975.97

$2,032,814.11

119

$2,032,814.11

$13,127.13

$8,131.26

$4,995.87

$2,027,818.24

120

$2,027,818.24

$13,127.13

$8,111.27

$5,015.85

$2,022,802.38

121

$2,022,802.38

$13,127.13

$8,091.21

$5,035.92

$2,017,766.47

122

$2,017,766.47

$13,127.13

$8,071.07

$5,056.06

$2,012,710.40

123

$2,012,710.40

$13,127.13

$8,050.84

$5,076.29

$2,007,634.12

124

$2,007,634.12

$13,127.13

$8,030.54

$5,096.59

$2,002,537.53

125

$2,002,537.53

$13,127.13

$8,010.15

$5,116.98

$1,997,420.55
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126

$1,997,420.55

$13,127.13

$7,989.68

$5,137.44

$1,992,283.11

127

$1,992,283.11

$13,127.13

$7,969.13

$5,157.99

$1,987,125.11

128

$1,987,125.11

$13,127.13

$7,948.50

$5,178.63

$1,981,946.48

129

$1,981,946.48

$13,127.13

$7,927.79

$5,199.34

$1,976,747.14

130

$1,976,747.14

$13,127.13

$7,906.99

$5,220.14

$1,971,527.00

131

$1,971,527.00

$13,127.13

$7,886.11

$5,241.02

$1,966,285.99

132

$1,966,285.99

$13,127.13

$7,865.14

$5,261.98

$1,961,024.00

133

$1,961,024.00

$13,127.13

$7,844.10

$5,283.03

$1,955,740.97

134

$1,955,740.97

$13,127.13

$7,822.96

$5,304.16

$1,950,436.81

135

$1,950,436.81

$13,127.13

$7,801.75

$5,325.38

$1,945,111.43

136

$1,945,111.43

$13,127.13

$7,780.45

$5,346.68

$1,939,764.75

137

$1,939,764.75

$13,127.13

$7,759.06

$5,368.07

$1,934,396.68

138

$1,934,396.68

$13,127.13

$7,737.59

$5,389.54

$1,929,007.14

139

$1,929,007.14

$13,127.13

$7,716.03

$5,411.10

$1,923,596.04

140

$1,923,596.04

$13,127.13

$7,694.38

$5,432.74

$1,918,163.30

141

$1,918,163.30

$13,127.13

$7,672.65

$5,454.47

$1,912,708.82

142

$1,912,708.82

$13,127.13

$7,650.84

$5,476.29

$1,907,232.53

143

$1,907,232.53

$13,127.13

$7,628.93

$5,498.20

$1,901,734.33

144

$1,901,734.33

$13,127.13

$7,606.94

$5,520.19

$1,896,214.14

145

$1,896,214.14

$13,127.13

$7,584.86

$5,542.27

$1,890,671.87

146

$1,890,671.87

$13,127.13

$7,562.69

$5,564.44

$1,885,107.43

147

$1,885,107.43

$13,127.13

$7,540.43

$5,586.70

$1,879,520.74

148

$1,879,520.74

$13,127.13

$7,518.08

$5,609.04

$1,873,911.69

149

$1,873,911.69

$13,127.13

$7,495.65

$5,631.48

$1,868,280.21

150

$1,868,280.21

$13,127.13

$7,473.12

$5,654.01

$1,862,626.20

151

$1,862,626.20

$13,127.13

$7,450.50

$5,676.62

$1,856,949.58

152

$1,856,949.58

$13,127.13

$7,427.80

$5,699.33

$1,851,250.25

153

$1,851,250.25

$13,127.13

$7,405.00

$5,722.13

$1,845,528.13

154

$1,845,528.13

$13,127.13

$7,382.11

$5,745.01

$1,839,783.11

155

$1,839,783.11

$13,127.13

$7,359.13

$5,767.99

$1,834,015.12

156

$1,834,015.12

$13,127.13

$7,336.06

$5,791.07

$1,828,224.05

157

$1,828,224.05

$13,127.13

$7,312.90

$5,814.23

$1,822,409.82

158

$1,822,409.82

$13,127.13

$7,289.64

$5,837.49

$1,816,572.33

159

$1,816,572.33

$13,127.13

$7,266.29

$5,860.84

$1,810,711.49

160

$1,810,711.49

$13,127.13

$7,242.85

$5,884.28

$1,804,827.21

161

$1,804,827.21

$13,127.13

$7,219.31

$5,907.82

$1,798,919.40

162

$1,798,919.40

$13,127.13

$7,195.68

$5,931.45

$1,792,987.95

163

$1,792,987.95

$13,127.13

$7,171.95

$5,955.18

$1,787,032.77

164

$1,787,032.77

$13,127.13

$7,148.13

$5,979.00

$1,781,053.77

165

$1,781,053.77

$13,127.13

$7,124.22

$6,002.91

$1,775,050.86

166

$1,775,050.86

$13,127.13

$7,100.20

$6,026.92

$1,769,023.94

167

$1,769,023.94

$13,127.13

$7,076.10

$6,051.03

$1,762,972.91

168

$1,762,972.91

$13,127.13

$7,051.89

$6,075.24

$1,756,897.67

169

$1,756,897.67

$13,127.13

$7,027.59

$6,099.54

$1,750,798.14

170

$1,750,798.14

$13,127.13

$7,003.19

$6,123.93

$1,744,674.20

171

$1,744,674.20

$13,127.13

$6,978.70

$6,148.43

$1,738,525.77

172

$1,738,525.77

$13,127.13

$6,954.10

$6,173.02

$1,732,352.75

173

$1,732,352.75

$13,127.13

$6,929.41

$6,197.72

$1,726,155.03
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174

$1,726,155.03

$13,127.13

$6,904.62

$6,222.51

$1,719,932.52

175

$1,719,932.52

$13,127.13

$6,879.73

$6,247.40

$1,713,685.13

176

$1,713,685.13

$13,127.13

$6,854.74

$6,272.39

$1,707,412.74

177

$1,707,412.74

$13,127.13

$6,829.65

$6,297.48

$1,701,115.26

178

$1,701,115.26

$13,127.13

$6,804.46

$6,322.67

$1,694,792.60

179

$1,694,792.60

$13,127.13

$6,779.17

$6,347.96

$1,688,444.64

180

$1,688,444.64

$13,127.13

$6,753.78

$6,373.35

$1,682,071.29

181

$1,682,071.29

$13,127.13

$6,728.29

$6,398.84

$1,675,672.45

182

$1,675,672.45

$13,127.13

$6,702.69

$6,424.44

$1,669,248.01

183

$1,669,248.01

$13,127.13

$6,676.99

$6,450.14

$1,662,797.88

184

$1,662,797.88

$13,127.13

$6,651.19

$6,475.94

$1,656,321.94

185

$1,656,321.94

$13,127.13

$6,625.29

$6,501.84

$1,649,820.10

186

$1,649,820.10

$13,127.13

$6,599.28

$6,527.85

$1,643,292.25

187

$1,643,292.25

$13,127.13

$6,573.17

$6,553.96

$1,636,738.30

188

$1,636,738.30

$13,127.13

$6,546.95

$6,580.17

$1,630,158.12

189

$1,630,158.12

$13,127.13

$6,520.63

$6,606.49

$1,623,551.63

190

$1,623,551.63

$13,127.13

$6,494.21

$6,632.92

$1,616,918.71

191

$1,616,918.71

$13,127.13

$6,467.67

$6,659.45

$1,610,259.26

192

$1,610,259.26

$13,127.13

$6,441.04

$6,686.09

$1,603,573.17

193

$1,603,573.17

$13,127.13

$6,414.29

$6,712.83

$1,596,860.33

194

$1,596,860.33

$13,127.13

$6,387.44

$6,739.69

$1,590,120.64

195

$1,590,120.64

$13,127.13

$6,360.48

$6,766.64

$1,583,354.00

196

$1,583,354.00

$13,127.13

$6,333.42

$6,793.71

$1,576,560.29

197

$1,576,560.29

$13,127.13

$6,306.24

$6,820.89

$1,569,739.40

198

$1,569,739.40

$13,127.13

$6,278.96

$6,848.17

$1,562,891.23

199

$1,562,891.23

$13,127.13

$6,251.56

$6,875.56

$1,556,015.67

200

$1,556,015.67

$13,127.13

$6,224.06

$6,903.06

$1,549,112.61

201

$1,549,112.61

$13,127.13

$6,196.45

$6,930.68

$1,542,181.93

202

$1,542,181.93

$13,127.13

$6,168.73

$6,958.40

$1,535,223.53

203

$1,535,223.53

$13,127.13

$6,140.89

$6,986.23

$1,528,237.30

204

$1,528,237.30

$13,127.13

$6,112.95

$7,014.18

$1,521,223.12

205

$1,521,223.12

$13,127.13

$6,084.89

$7,042.23

$1,514,180.88

206

$1,514,180.88

$13,127.13

$6,056.72

$7,070.40

$1,507,110.48

207

$1,507,110.48

$13,127.13

$6,028.44

$7,098.69

$1,500,011.80

208

$1,500,011.80

$13,127.13

$6,000.05

$7,127.08

$1,492,884.72

209

$1,492,884.72

$13,127.13

$5,971.54

$7,155.59

$1,485,729.13

210

$1,485,729.13

$13,127.13

$5,942.92

$7,184.21

$1,478,544.92

211

$1,478,544.92

$13,127.13

$5,914.18

$7,212.95

$1,471,331.97

212

$1,471,331.97

$13,127.13

$5,885.33

$7,241.80

$1,464,090.17

213

$1,464,090.17

$13,127.13

$5,856.36

$7,270.77

$1,456,819.40

214

$1,456,819.40

$13,127.13

$5,827.28

$7,299.85

$1,449,519.55

215

$1,449,519.55

$13,127.13

$5,798.08

$7,329.05

$1,442,190.51

216

$1,442,190.51

$13,127.13

$5,768.76

$7,358.37

$1,434,832.14

217

$1,434,832.14

$13,127.13

$5,739.33

$7,387.80

$1,427,444.34

218

$1,427,444.34

$13,127.13

$5,709.78

$7,417.35

$1,420,026.99

219

$1,420,026.99

$13,127.13

$5,680.11

$7,447.02

$1,412,579.97

220

$1,412,579.97

$13,127.13

$5,650.32

$7,476.81

$1,405,103.17

221

$1,405,103.17

$13,127.13

$5,620.41

$7,506.71

$1,397,596.45
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222

$1,397,596.45

$13,127.13

$5,590.39

$7,536.74

$1,390,059.71

223

$1,390,059.71

$13,127.13

$5,560.24

$7,566.89

$1,382,492.82

224

$1,382,492.82

$13,127.13

$5,529.97

$7,597.16

$1,374,895.67

225

$1,374,895.67

$13,127.13

$5,499.58

$7,627.54

$1,367,268.12

226

$1,367,268.12

$13,127.13

$5,469.07

$7,658.05

$1,359,610.07

227

$1,359,610.07

$13,127.13

$5,438.44

$7,688.69

$1,351,921.38

228

$1,351,921.38

$13,127.13

$5,407.69

$7,719.44

$1,344,201.94

229

$1,344,201.94

$13,127.13

$5,376.81

$7,750.32

$1,336,451.62

230

$1,336,451.62

$13,127.13

$5,345.81

$7,781.32

$1,328,670.30

231

$1,328,670.30

$13,127.13

$5,314.68

$7,812.45

$1,320,857.85

232

$1,320,857.85

$13,127.13

$5,283.43

$7,843.70

$1,313,014.16

233

$1,313,014.16

$13,127.13

$5,252.06

$7,875.07

$1,305,139.08

234

$1,305,139.08

$13,127.13

$5,220.56

$7,906.57

$1,297,232.51

235

$1,297,232.51

$13,127.13

$5,188.93

$7,938.20

$1,289,294.32

236

$1,289,294.32

$13,127.13

$5,157.18

$7,969.95

$1,281,324.37

237

$1,281,324.37

$13,127.13

$5,125.30

$8,001.83

$1,273,322.54

238

$1,273,322.54

$13,127.13

$5,093.29

$8,033.84

$1,265,288.70

239

$1,265,288.70

$13,127.13

$5,061.15

$8,065.97

$1,257,222.73

240

$1,257,222.73

$13,127.13

$5,028.89

$8,098.24

$1,249,124.49

241

$1,249,124.49

$13,127.13

$4,996.50

$8,130.63

$1,240,993.86

242

$1,240,993.86

$13,127.13

$4,963.98

$8,163.15

$1,232,830.71

243

$1,232,830.71

$13,127.13

$4,931.32

$8,195.80

$1,224,634.91

244

$1,224,634.91

$13,127.13

$4,898.54

$8,228.59

$1,216,406.32

245

$1,216,406.32

$13,127.13

$4,865.63

$8,261.50

$1,208,144.82

246

$1,208,144.82

$13,127.13

$4,832.58

$8,294.55

$1,199,850.27

247

$1,199,850.27

$13,127.13

$4,799.40

$8,327.73

$1,191,522.54

248

$1,191,522.54

$13,127.13

$4,766.09

$8,361.04

$1,183,161.51

249

$1,183,161.51

$13,127.13

$4,732.65

$8,394.48

$1,174,767.02

250

$1,174,767.02

$13,127.13

$4,699.07

$8,428.06

$1,166,338.97

251

$1,166,338.97

$13,127.13

$4,665.36

$8,461.77

$1,157,877.19

252

$1,157,877.19

$13,127.13

$4,631.51

$8,495.62

$1,149,381.58

253

$1,149,381.58

$13,127.13

$4,597.53

$8,529.60

$1,140,851.98

254

$1,140,851.98

$13,127.13

$4,563.41

$8,563.72

$1,132,288.26

255

$1,132,288.26

$13,127.13

$4,529.15

$8,597.97

$1,123,690.28

256

$1,123,690.28

$13,127.13

$4,494.76

$8,632.37

$1,115,057.92

257

$1,115,057.92

$13,127.13

$4,460.23

$8,666.90

$1,106,391.02

258

$1,106,391.02

$13,127.13

$4,425.56

$8,701.56

$1,097,689.46

259

$1,097,689.46

$13,127.13

$4,390.76

$8,736.37

$1,088,953.09

260

$1,088,953.09

$13,127.13

$4,355.81

$8,771.31

$1,080,181.77

261

$1,080,181.77

$13,127.13

$4,320.73

$8,806.40

$1,071,375.37

262

$1,071,375.37

$13,127.13

$4,285.50

$8,841.63

$1,062,533.75

263

$1,062,533.75

$13,127.13

$4,250.13

$8,876.99

$1,053,656.76

264

$1,053,656.76

$13,127.13

$4,214.63

$8,912.50

$1,044,744.26

265

$1,044,744.26

$13,127.13

$4,178.98

$8,948.15

$1,035,796.10

266

$1,035,796.10

$13,127.13

$4,143.18

$8,983.94

$1,026,812.16

267

$1,026,812.16

$13,127.13

$4,107.25

$9,019.88

$1,017,792.28

268

$1,017,792.28

$13,127.13

$4,071.17

$9,055.96

$1,008,736.33

269

$1,008,736.33

$13,127.13

$4,034.95

$9,092.18

$999,644.14
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270

$999,644.14

$13,127.13

$3,998.58

$9,128.55

$990,515.59

271

$990,515.59

$13,127.13

$3,962.06

$9,165.06

$981,350.53

272

$981,350.53

$13,127.13

$3,925.40

$9,201.73

$972,148.80

273

$972,148.80

$13,127.13

$3,888.60

$9,238.53

$962,910.27

274

$962,910.27

$13,127.13

$3,851.64

$9,275.49

$953,634.79

275

$953,634.79

$13,127.13

$3,814.54

$9,312.59

$944,322.20

276

$944,322.20

$13,127.13

$3,777.29

$9,349.84

$934,972.36

277

$934,972.36

$13,127.13

$3,739.89

$9,387.24

$925,585.12

278

$925,585.12

$13,127.13

$3,702.34

$9,424.79

$916,160.33

279

$916,160.33

$13,127.13

$3,664.64

$9,462.49

$906,697.85

280

$906,697.85

$13,127.13

$3,626.79

$9,500.34

$897,197.51

281

$897,197.51

$13,127.13

$3,588.79

$9,538.34

$887,659.18

282

$887,659.18

$13,127.13

$3,550.64

$9,576.49

$878,082.69

283

$878,082.69

$13,127.13

$3,512.33

$9,614.80

$868,467.89

284

$868,467.89

$13,127.13

$3,473.87

$9,653.26

$858,814.63

285

$858,814.63

$13,127.13

$3,435.26

$9,691.87

$849,122.76

286

$849,122.76

$13,127.13

$3,396.49

$9,730.64

$839,392.13

287

$839,392.13

$13,127.13

$3,357.57

$9,769.56

$829,622.57

288

$829,622.57

$13,127.13

$3,318.49

$9,808.64

$819,813.93

289

$819,813.93

$13,127.13

$3,279.26

$9,847.87

$809,966.06

290

$809,966.06

$13,127.13

$3,239.86

$9,887.26

$800,078.80

291

$800,078.80

$13,127.13

$3,200.32

$9,926.81

$790,151.99

292

$790,151.99

$13,127.13

$3,160.61

$9,966.52

$780,185.47

293

$780,185.47

$13,127.13

$3,120.74

$10,006.39

$770,179.08

294

$770,179.08

$13,127.13

$3,080.72

$10,046.41

$760,132.67

295

$760,132.67

$13,127.13

$3,040.53

$10,086.60

$750,046.07

296

$750,046.07

$13,127.13

$3,000.18

$10,126.94

$739,919.13

297

$739,919.13

$13,127.13

$2,959.68

$10,167.45

$729,751.68

298

$729,751.68

$13,127.13

$2,919.01

$10,208.12

$719,543.56

299

$719,543.56

$13,127.13

$2,878.17

$10,248.95

$709,294.61

300

$709,294.61

$13,127.13

$2,837.18

$10,289.95

$699,004.66

301

$699,004.66

$13,127.13

$2,796.02

$10,331.11

$688,673.55

302

$688,673.55

$13,127.13

$2,754.69

$10,372.43

$678,301.12

303

$678,301.12

$13,127.13

$2,713.20

$10,413.92

$667,887.20

304

$667,887.20

$13,127.13

$2,671.55

$10,455.58

$657,431.62

305

$657,431.62

$13,127.13

$2,629.73

$10,497.40

$646,934.22

306

$646,934.22

$13,127.13

$2,587.74

$10,539.39

$636,394.83

307

$636,394.83

$13,127.13

$2,545.58

$10,581.55

$625,813.28

308

$625,813.28

$13,127.13

$2,503.25

$10,623.87

$615,189.40

309

$615,189.40

$13,127.13

$2,460.76

$10,666.37

$604,523.03

310

$604,523.03

$13,127.13

$2,418.09

$10,709.04

$593,814.00

311

$593,814.00

$13,127.13

$2,375.26

$10,751.87

$583,062.13

312

$583,062.13

$13,127.13

$2,332.25

$10,794.88

$572,267.25

313

$572,267.25

$13,127.13

$2,289.07

$10,838.06

$561,429.19

314

$561,429.19

$13,127.13

$2,245.72

$10,881.41

$550,547.78

315

$550,547.78

$13,127.13

$2,202.19

$10,924.94

$539,622.84

316

$539,622.84

$13,127.13

$2,158.49

$10,968.64

$528,654.21

317

$528,654.21

$13,127.13

$2,114.62

$11,012.51

$517,641.70
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318

$517,641.70

$13,127.13

$2,070.57

$11,056.56

$506,585.14

319

$506,585.14

$13,127.13

$2,026.34

$11,100.79

$495,484.35

320

$495,484.35

$13,127.13

$1,981.94

$11,145.19

$484,339.16

321

$484,339.16

$13,127.13

$1,937.36

$11,189.77

$473,149.39

322

$473,149.39

$13,127.13

$1,892.60

$11,234.53

$461,914.86

323

$461,914.86

$13,127.13

$1,847.66

$11,279.47

$450,635.39

324

$450,635.39

$13,127.13

$1,802.54

$11,324.59

$439,310.81

325

$439,310.81

$13,127.13

$1,757.24

$11,369.88

$427,940.92

326

$427,940.92

$13,127.13

$1,711.76

$11,415.36

$416,525.56

327

$416,525.56

$13,127.13

$1,666.10

$11,461.02

$405,064.54

328

$405,064.54

$13,127.13

$1,620.26

$11,506.87

$393,557.67

329

$393,557.67

$13,127.13

$1,574.23

$11,552.90

$382,004.77

330

$382,004.77

$13,127.13

$1,528.02

$11,599.11

$370,405.66

331

$370,405.66

$13,127.13

$1,481.62

$11,645.50

$358,760.16

332

$358,760.16

$13,127.13

$1,435.04

$11,692.09

$347,068.07

333

$347,068.07

$13,127.13

$1,388.27

$11,738.85

$335,329.22

334

$335,329.22

$13,127.13

$1,341.32

$11,785.81

$323,543.41

335

$323,543.41

$13,127.13

$1,294.17

$11,832.95

$311,710.45

336

$311,710.45

$13,127.13

$1,246.84

$11,880.29

$299,830.17

337

$299,830.17

$13,127.13

$1,199.32

$11,927.81

$287,902.36

338

$287,902.36

$13,127.13

$1,151.61

$11,975.52

$275,926.84

339

$275,926.84

$13,127.13

$1,103.71

$12,023.42

$263,903.42

340

$263,903.42

$13,127.13

$1,055.61

$12,071.51

$251,831.91

341

$251,831.91

$13,127.13

$1,007.33

$12,119.80

$239,712.11

342

$239,712.11

$13,127.13

$958.85

$12,168.28

$227,543.83

343

$227,543.83

$13,127.13

$910.18

$12,216.95

$215,326.88

344

$215,326.88

$13,127.13

$861.31

$12,265.82

$203,061.06

345

$203,061.06

$13,127.13

$812.24

$12,314.88

$190,746.18

346

$190,746.18

$13,127.13

$762.98

$12,364.14

$178,382.03

347

$178,382.03

$13,127.13

$713.53

$12,413.60

$165,968.44

348

$165,968.44

$13,127.13

$663.87

$12,463.25

$153,505.18

349

$153,505.18

$13,127.13

$614.02

$12,513.11

$140,992.08

350

$140,992.08

$13,127.13

$563.97

$12,563.16

$128,428.92

351

$128,428.92

$13,127.13

$513.72

$12,613.41

$115,815.51

352

$115,815.51

$13,127.13

$463.26

$12,663.87

$103,151.64

353

$103,151.64

$13,127.13

$412.61

$12,714.52

$90,437.12

354

$90,437.12

$13,127.13

$361.75

$12,765.38

$77,671.74

355

$77,671.74

$13,127.13

$310.69

$12,816.44

$64,855.30

356

$64,855.30

$13,127.13

$259.42

$12,867.71

$51,987.60

357

$51,987.60

$13,127.13

$207.95

$12,919.18

$39,068.42

358

$39,068.42

$13,127.13

$156.27

$12,970.85

$26,097.56

359

$26,097.56

$13,127.13

$104.39

$13,022.74

$13,074.83

360

$13,074.83

$13,127.13

$52.30

$13,074.83

$0.00

Total Interest

Total
Principal

Total
Payments
$4,725,765.78

$2,223,765.78

$2,502,000.00
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Algae Production
Algae Growth. Algae require a sufficient supply of CO₂, temperature, light, mixing
and carbohydrate to live in bioreactors to grow. A study on algae gas exchange took
place over 11 months in uniform environmental conditions with constant growth. It
was determined with the culture Chlorella pyrenoidosa, the consumption of CO₂ was
1.09 ± 0.03 ml per min (1). The average oxygen production was 1.21 ±0.03 ml per
min with a photosynthetic quotient (PQ=CO₂/O₂) of 0.90 ± 0.01. This provides the
platform for a very dependable, predictable algae growth curve. However, mass
production in commercialization of algae is still a challenge. Many different
approaches have been made in attempt to commercialize growth including open
ponds, raceway ponds, serpentine reactors, and flat photobioreactors; along with
many others.
Open ponds. Open ponds are the most cost efficient methods of mass cultivating
algae. One example of commercial cultivation of algae culture Dunaliella using
raceway ponds is by
Nature Beta Technologies
in Eilat, Israel (11). The
company uses a series of
raceway ponds, as seen in
Figure 4, to grow the algae

Figure 4. Open raceways in Eilat, Israel; NBT Ltd.
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strand rich in β-carotene. Open ponds, however, face many challenges. The water
level must be kept lower than 15 cm due to cell concentration and for that reason
must also be diluted with of .65 g1⁻¹ (11). Open ponds major limitations include
poor light utilization by the cells, evaporative losses, diffusion of CO2 to the
atmosphere, and requirement of large areas of land (12). Open ponds are also
vulnerable to other faster growing algae, protozoa, bacteria and airborne spores.
There are several ways in which to control unwanted growth in open ponds. One
method is lowering or raising the pH. Certain cultures do relatively well in certain pH
levels. For example, lowering the pH to 6 is low enough to eliminate some unwanted
algae cultures when cultivating Nannaochloropsis. Chlorination also serves as a
possible solution to reducing unwanted algae growth. Pouring chlorine at
concentrations of 4 to 10 mg/kg of active chlorine has been shown to be an efficient
solution. The pond walls should be cleaned every one to two months in the summer
and every three to four months in the winter help to keep the ponds running
efficiently (11).
Serpentine photobioreactors. Serpentine reactors are a series of long tubes with Ubends at the ends, as seen in Figure 5.
These photobioreactors can contain a
much higher concentration of algae
than open ponds. They also have a
more protected environment from
unwanted diatoms and better control
Figure 5. Serpentine photobioreactor
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over growing conditions, making closed bioreactors a safer alternative to open ponds
in regards to environment control. One example of a commercially applied situation
is Aquasearch Inc, in Kailua-Kona, Hawaii. They have a high velocity culture flow
and temperature is controlled by immersion in a water pond. However, this setup had
low productivity (0.036 and 0.052 g1⁻¹ d⁻¹) (11). A drawback is the U-bends in the
serpentine photobioreactor model consume 15% of the energy spent moving the
culture material around the bends (11). Also higher capital and operating costs make
serpentine photobioreactor a difficult cost effective choice for commercialization.
Algae-solar bioreactors. A recent development in algae growing methods is a
technology utilized by Greenfuel Technologies Corporation. These bioreactors have a
cylindrical shape, as seen in Figure 6 and are housed vertically at an angel with
exposure to the sun. Greenfuel
estimates the annual average
productivity at 80 gm/m2-day
for algae production, inferring
that

overall

system

productivity is 55 lbs/m² per
year. It is estimated that this
Figure 6. Greenfuel algae-solar bioreactors

system consumes 1.9 tons of

CO₂ for every 1 ton of algae produced (5). 104.5 lbs of CO₂ is consumed per square
meter of growing area per year. It is estimated when Greenfuel reaches their goal of
100 hectacres (247 acres) algae growing area, it will consume 52,000 tons of CO₂ per
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year. However, little information is available on investment costs for such an
operation and further research is necessary to determine economical feasability on a
California dairy farm.
Algae Protein. For protein production, there are three species most commonly used
and with a higher commercial value: Chlorella, with 55% protein content, Spirulina
(Arthrospira) with 65% protein content and Dunaliella, 57% protein content (4). As
noted in Table 4 (2), multiple algae sources are high not only in protein composition,
TABLE 4. General composition of different algae (% of dry matter)

but also have significant
carbohydrate
content.

and

lipid

Spirulina,

Dunaliella and Chlorella all
contain

high

levels

of

carbohydrates as well in
addition to the high protein
content. Their carbohydrate contents are 8-14, 32, and 12-17, respectively. The
content of non-protein nitrogen amounts to11.5% in Spirulina and 6% in Dunaliella
(2). Algae also contain a high number of amino acids, necessary for the creation of
TABLE 5.
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protein, as described in Table 5 (2). The most common strands are compared with the
amino acid content of egg, soybean and a well balanced protein, as recommended by
the

World

Health

Organization

TABLE 6.

(WHO). Many of the algae cultures
meet or exceed the amino acid profile
recommended by the WHO. Amino
acids are an essential part of a
lactating dairy cow’s diet and are
receiving

increased

attention

in

nutritional respect from leaders in the industry. The algae also contain a fairly high
biological value as noted in Table 6 (2). Although the values are slightly lower than
the casein and egg values, they are still of substantial significance an present a value
for algae as a possible nutritional source of essential components in the dairy cow
ration.
Algae in the dairy cow ration. A considerable factor in favor of algae being fed to
cattle is that ruminants are able to break down cellulose and hemicelluloses,
components of the algal cell wall. A study conducted by feeding a single cell protein
from wood pulp to dairy cattle in the increments of 0, 3 and 7% of the diet. The
rations consisted of 50% concentrate, 25% chopped alfalfa hay and 25% corn silage
dry matter. The cows produced milk with a fat content level of 3.2, 3.6 and 3.7%,
respectively (3). The single cell protein in the study was considered to be an
acceptable substitute for protein supplements with a minimum crude protein of 45%,
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13% ether extract and maximum of 16% crude fiber. Some comparable current
sources of protein are soybean meal with 50 crude protein, dried distiller’s grain
crude protein of 25, corn gluten with 67 crude protein and cottonseed with crude
protein of 40 (6). In a study with 32 lactating ewes, they were allocated in four groups
for 6 weeks and given four different diets. There was a control ration, a ration with
low levels of algae, a ration with medium levels of algae, and a ration with high levels
of algae. Inclusion of algae slightly reduced dry matter intake for medium and high
algae diets, however milk fat content was significantly increased for the diet
including the high algae content. Milk protein was significantly increased for all
treatments containing algae (10). Algae not only are sufficient protein substitutes, but
also increase milk fat and protein content in some cases.
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MATERIALS AND METHODS

The literature review looked at the use of a methane digester system on a dairy farm and the use
of algae as an economical protein feed source. Data was analyzed to determine amount of
methane available for utilization, methane digester efficiency, cost of a methane digester system,
algae growth modules, algae culturing methods, algae nutritional value and dairy ration
possibility. All research came from professional journals, dairy publications, and company
websites. Many articles were accessed through services of Robert E. Kennedy Library at
California Polytechnic University, San Luis Obispo. The materials presented in this paper will
assist in determining whether or not using algae as a protein source for dairy cattle nutrition
would be economically viable and beneficial to dairy producers.
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RESULTS AND DISCUSSION

Methane Energy
Methane produced from dairy cows was able to be captured and processed as a fuel to use in the
generation of electricity through the process of methane digesting. A methane digester system

TABLE 7. Capital budgeting of methane generator over 30 years.
Present Value

Cash Outflows

Present Value

Payback Method
Running Total

Year

Cash Inflows

Today

$0.00

$0.00

$700,000.00

$700,000.00

$0.00

1

$1,040,000.00

$1,000,000.00

$201,127.13

$193,391.47

$1,040,000.00

2

$1,040,000.00

$961,538.46

$201,127.13

$185,953.34

$2,080,000.00

3

$1,040,000.00

$924,556.21

$201,127.13

$178,801.29

$3,120,000.00

4

$1,040,000.00

$888,996.36

$201,127.13

$171,924.31

$4,160,000.00

5

$1,040,000.00

$854,804.19

$201,127.13

$165,311.84

$5,200,000.00

6

$1,040,000.00

$821,927.11

$201,127.13

$158,953.69

$6,240,000.00

7

$1,040,000.00

$790,314.53

$201,127.13

$152,840.09

$7,280,000.00

8

$1,040,000.00

$759,917.81

$201,127.13

$146,961.62

$8,320,000.00

9

$1,040,000.00

$730,690.21

$201,127.13

$141,309.25

$9,360,000.00

10

$1,040,000.00

$702,586.74

$201,127.13

$135,874.28

$10,400,000.00

11

$1,040,000.00

$675,564.17

$201,127.13

$130,648.35

$11,440,000.00

12

$1,040,000.00

$649,580.93

$201,127.13

$125,623.41

$12,480,000.00

13

$1,040,000.00

$624,597.05

$201,127.13

$120,791.74

$13,520,000.00

14

$1,040,000.00

$600,574.09

$201,127.13

$116,145.91

$14,560,000.00

15

$1,040,000.00

$577,475.08

$201,127.13

$111,678.76

$15,600,000.00

16

$1,040,000.00

$555,264.50

$201,127.13

$107,383.42

$16,640,000.00

17

$1,040,000.00

$533,908.18

$201,127.13

$103,253.29

$17,680,000.00

18

$1,040,000.00

$513,373.25

$201,127.13

$99,282.01

$18,720,000.00

19

$1,040,000.00

$493,628.12

$201,127.13

$95,463.47

$19,760,000.00

20

$1,040,000.00

$474,642.42

$201,127.13

$91,791.80

$20,800,000.00

21

$1,040,000.00

$456,386.95

$201,127.13

$88,261.34

$21,840,000.00

22

$1,040,000.00

$438,833.60

$201,127.13

$84,866.68

$22,880,000.00

23

$1,040,000.00

$421,955.39

$201,127.13

$81,602.57

$23,920,000.00

24

$1,040,000.00

$405,726.33

$201,127.13

$78,464.01

$24,960,000.00

25

$1,040,000.00

$390,121.47

$201,127.13

$75,446.17

$26,000,000.00

26

$1,040,000.00

$375,116.80

$201,127.13

$72,544.39

$27,040,000.00

27

$1,040,000.00

$360,689.23

$201,127.13

$69,754.22

$28,080,000.00

28

$1,040,000.00

$346,816.57

$201,127.13

$67,071.37

$29,120,000.00

29

$1,040,000.00

$333,477.47

$201,127.13

$64,491.70

$30,160,000.00

30

$1,040,000.00

$320,651.41

$201,127.13

$62,011.25

$31,200,000.00

Total

$9,360,000.00

$7,732,744.87

$2,510,144.17

$2,195,446.91
Discount Rate =

Simple Rate Net Present Value Benefit-Cost
of Return
at i
Ratio at i

Internal Rate
of Return

10.79

$5,537,297.97

3.52

$0.000244

4.00%

IRR =

119.862915%
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used at Joseph Gallo Farms proved to be effective for that facility. The methane digester system
had an initial cost of $3,200,000 with annual income estimates of $1,040,000, leading to a
payback of less than four years and an annual energy savings of $800,000. As seen in Table 7
above, investment in a methane digester results in dramatic returns. The benefit cost ratio would
be an amazing3.52 with an extreme internal rate of return of about 119.87%. Disadvantages of a
methane digester system installation at Joseph Gallo Dairy Farms include partially open corrals,
only part of the manure is collected, not all. The system requires extensive infrastructure
investment, requiring a large amount of initial capital. The system is considered an industrial site
and is subject to full air and water regulations. The distance from the digester to the generator
requires additional piping if far away and more energy to transfer the gas is required. The
advantages of the methane digester system at Joseph Gallo Dairy Farms include cheese
wastewater enhancing methane production. The cheese plant uses up all the electricity, so there
is no surplus. Cheese plant uses up much of engine heat for steam and there is personal on staff
for much of the work and maintenance required on the methane digester system (13).
Algae Production
There are various types of algae production models available. The most cost effective and easiest
to construct is the open pool module. However downsides include impure algae growth with
contaminants and loss of CO₂ into the atmosphere, along with evaporation of water, lack of
lighting due to shading, and lack of temperature control. Closed photobioreacotors have a much
better environment and produce more algae but require a large influx of initial capital costs and
high maintenance costs. The most intriguing possibility is with the algae-solar bioreactor with
Greenfuel Technologies Corporation, initial costs and upkeep may be expensive. Financial
information was inaccessible. Algae production is not yet available as a large scale commercial
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crop. Algae cultures are rich in proteins and contain a significant quantity of carbohydrates and
lipids. In one study, lactating cattle experienced an increase in milk fat and protein content by
consuming single cell proteins (3). In a study with lactating ewes, they experienced increases in
milk fat content (10). Algae have not yet reached an extensively studied rank in cattle nutrition.
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CONCLUSION

Methane digester technology has arrived for the dairy industry and can be easily retrofitted to
almost any dairy operation. Purchasing a methane digester for smaller dairies in California may
be financially out of reach. However, one possible solution is if a group of neighboring, small
dairies share a reciprocating engine generator unit to help reduce the initial costs of investment
capital. Another possible solution is to work with politicians and the state of California to push
for the reintroduction of a grant program to help California producers in achieving this
environmentally friendly goal. If this were applied on more dairies in California, there would be
a great reduction in pollution and an increase in producers saving money and the environment.
Using the exhaust from these methane digester systems to fuel commercial algae production
seems to be out of reach at the moment. More research is required in both areas of efficient
growth and maintenance methods as well as dairy cattle nutrition. Developing more effective
and efficient photobioreactors is a key step making the commercialization of growth more
feasible. The three most popular cultures of algae, Chlorella, Spirulina (Arthrospira) and
Dunaliella would be a great place to start experimental rations of different drying methods and
concentrations. Research with young claves and heifers in reference to growth potential with
algae would be a viable project. Also feeding lactating dairy cattle with a balanced ration to
include algae and monitor for any changes in behavior as well as milk production and
composition. A possible solution is working with lawmakers and the state of California for
financial support and reduced taxes to conduct research in this field of study. Another possible
solution is to pursue private investors for assistance with funds necessary for research. A need
for an alternative protein source is necessary as protein feed becomes increasingly expensive.
Algae on-site farm production may have a future in the dairy industry
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